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1   Introduction
Following the email discussion [POST113bis-e][506][R17 IIoT] Enhancements based on QoS (CATT), captured in R2-2104897, the following agreements were made at RAN2#114-e (May 2021):
Agreement:

1. RAN2 does not consider the Burst Spread parameter in RAN

2. The Burst End Time parameter in RAN is out of scope for Rel-17 IIoT WI.

3. No specific enhancements in support of Survival Time in UCE will be studied in R17, but we should aim for solutions for Survival time that also work in UCE 

4. When Survival Time information is provided in TSC AI, RAN action (gNB and/or UE) can utilize it to improve the associated link reliability so that the survival time requirement is met

5. Study fast mechanisms for survival time handling and the need

Following a subsequent offline discussion (captured in R2-2106558) during RAN2#114-e, the following additional agreements were made:

Agreements:

1
RAN2 takes the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)

2
Survival Time triggered proactively based on Sequence Number is deprioritized

3
UE-based reactive solution based on RLC-NACK is not pursued

4
RAN2 will work/study UE-based reactive solutions to address survival time on top of gNB implementation.   RAN2 assumes that gNB implementation solutions on their own are not sufficient.  

It was additionally agreed to hold a post-meeting discussion as captured in the following description, to progress the discussion further, in light of the agreements made:

· [Post114-e][511][URLLC/IIoT] QoS Solutions (Samsung)
Scope:  Identification on UE based solutions, technical discussion on solutions, and aim to down-select

Intended outcome: CR ready to be endorsed in RAN2115-e

Deadline: Long

As per the agreements above, RAN2 assumes that that gNB implementation solutions on their own are not sufficient. RAN2 additionally agreed to work on UE-based, reactive solutions to address survival time (ST) on top of gNB implementation. This discussion (as captured in the present tdoc) focuses therefore on UE-based reactive solutions (specifically two options already identified in previous discussions).
	Company
	Name
	email address

	Fujitsu
	Ohta Yoshiaki
	ohta.yoshiaki@fujitsu.com

	Nokia
	Ping-Heng Wallace Kuo
	Ping-Heng.Kuo@nokia.com

	Lenovo
	Joachim Löhr
	jlohr@lenovo.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2   Phase-I: Collecting input on outstanding issues
2.1   UE-based reactive solution based on HARQ-NACK triggering

As per previous discussion, in its simplest form this option comprises entering ST mode of operation when the UE experiences N consecutive UL transmission failures for the flow/DRB/LCH configured with ST. Transmission failures are detected by receiving HARQ-NACK. In its simplest form, N = 1 and the ST mode is entered (i.e. ST operation is triggered) upon receiving a HARQ NACK.

Q1-1. Do you believe any additional conditions are needed for this type of ST operation (e.g. counting the number of HARQ-NACKs before entering survival time, …)?

	Company
	Answer

	Ericsson
	Yes.  

This triggering condition can be generalized to that UE enters a survival time mode when some existing L1 signals (with some conditions) are received. But, for the ST operation itself, the below aspects are missing: 

1. UE must know what to do when such L1 signals (e.g., HARQ-NACK) are received, e.g., if it is only HARQ-NACK, then network must pre-configure resources to be used during the survival time, since HARQ-NACK itself does not indicate resources.

2. A packet can be segmented into multiple TBs. How could the network configure the number N here?

3. Suppose UE is already configured with PDCP duplication for normal operation. If one RLC packet is delivered, then there is no need to enter the survival time. It is not clear how this solution would work in this case, given that the conditions seem to be related to TB delivery only. 

4. What if N is not equal 1? Is the HARQ NACK counting related with the HARQ process ID or a particular LCH data in any HARQ process? Further, is it expected that gNB configures more resources when the HARQ NACK counting is equal N?

	Fujitsu
	Yes
Some additional conditions have been pointed out in the email discussion of R2-2104897.

(1) The UE may receive multiple L1 NACKs (i.e. PDCCH indicating retransmission) in case of PDCP duplication by using multiple legs. In such case, quad counting causes too early transition to ST mode, which is improper.

(2) Similarly, if MAC PDU is segmented into multiple TBs, multiple HARQ-NACK of TBs may cause ST mode even if there is still enough time for the MAC PDU to reach survival time.

(3) If the retransmission interval or RTT become long depending on the gNB’s retransmission scheduling, it may delay the transition to ST mode.

(4) NACK feedback is not available in unlicensed band.

	Nokia
	First of all, there is no “HARQ-NACK” in uplink so the terminology may not be correct. We should use “retransmission grant” instead.

We basically agree with the points raised by Ericsson above.

	Lenovo
	We agree with Nokia that the intention is that a retransmission grant, i.e. DCI with non-toggled NDI, indicates that a previous transmission was not acknowledged (NACK). 
Regarding the additional conditions, we think that for any solution that will be adopted, obviously some details/conditions need to be specified. This is simply due to the fact that currently there is no way to activate PDCP duplication via PHY signalling. Therefore, there are solutions proposed where the activation of PDCP duplication is coupled with some other L1 signalling like HARQ-NACK/retransmission grant or CG activation/deactivation. We think that a simple and low standardization-impact solution can be specified for the “HARQ-NACK” based triggering solution as already discussed at length during the various email discussions.


Q1-2. Do you see any need for restrictions to be imposed on the network (e.g. specific carrier spacing, …) for this type of ST operation?

	Company
	Answer

	Ericsson
	Yes.
Even if this is considered as a UE-based reaction solution, the network must pre-allocate resources for UE (e.g., to use for PDCP duplication). Those resources are a waste and cannot be used for other UEs. There were inputs in the last email discussion that this can be solved by gNB implementation to reclaim those resources. But, it was not concluded. Furthermore, as the network vendor, even if those solution may work, it would introduce a lot of and unnecessary restrictions, given there are better alternatives, see Section 2.3.

	Fujitsu
	Yes.
(1) PDCP duplication can be activated when the UE enters ST mode. For the UE to immediately activate PDCP duplication, UE autonomous duplication activation (i.e. proactive method) need to be considered, where activation command by MAC CE is omitted.

(2) Pre-allocation of PDCP duplication resources can be considered to boost reliability on Uu.

	Nokia
	Yes. 

Since Rel-16 we have up to 4 RLC entities per DRB, the gNB must pre-configure which set of RLC entities the UE should activate upon survival time state, as it does not make sense for the UE to select the RLC by itself and cause unexpected interferences. Also, we cannot expect the gNB should pre-allocate resources for carriers associated to all 4 RLC entities.

	Lenovo
	gNB needs to pre-allocate some CG resources. However, this would be common with the solution suggested by Ericsson. It’s clear that in order to provide some fast activation/deactivation of PDCP duplication CG resources needs to be already ready/allocated. 


Q1-3. What impact on RAN2 work (e.g. spec impact/workload…) do you foresee for this type of ST operation?

	Company
	Answer

	Ericsson
	At least the below points must be discussed. 

5. The details on this (non-existent) L1 signal HARQ-NACK.

6. The details to guarantee (if possible) that the pre-configured resources would not be used, when the survival time is not entered. 

7. HARQ-NACK is per PUSCH transmission and it is not clear how to link this to the flow/DRB/LCH.

8. What is the value of N, only equal to one or possibly to be configurable by the network?

The other important aspect is that the solutions should preferably be applicable beyond the survival time (which is an optional TSCI AI parameter).

	Fujitsu
	There are RAN1 and RAN2 specifications impact.
(1) RAN2 needs to look at TS38.321 on how to specify the timer handling, interaction between PHY and MAC, and ASN.1 on timer configuration.
(2) RAN1 needs to look at HARQ aspect.

	Nokia
	First of all, related to the triggering signal, we don’t see feasible to introduce a new L1 signal for the purposes of ST triggering, especially considering that RAN1 is not officially involved in this WI objective. Therefore, as also mentioned for Q1-1, we think we need to build on the existing retransmission grant signal and avoid RAN1 impact as much as possible.

Besides, we think the points below should be also discussed:

1. How should the UE identify the corresponding DRB that should enter the survival time state based on HARQ process ID of the retransmission grant? (Similar to Ericsson’s Point 3 above) 

2. How to provide to the UE the new set of radio resources and/or additional RLC entities to be used during ST state

3. How to ensure UE and gNB have the common understanding what RLC entities will be activated upon survival time state? (assuming Rel-16 PDCP duplication is the baseline)

	Lenovo
	We don’t think that we need to define a new L1 signal (NACK) but can use the existing retransmission grant for this type of solution. The RLC entities which UE should activate for PDCP duplication when entering ST could be preconfigured.  


Q1-4. In your view, how does this type of ST operation meet/fail to meet the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)?

	Company
	Answer 

	Ericsson
	This solution fails to properly utilize the survival time, i.e., more radio resources are opportunistically and only allocated to the UE when it is in the survival time mode.  It is in our understanding that the solutions require gNB to pre-allocate the resources even if UE is not in the survival time, and no conclusion yet if this can be avoided (e.g., resource reclaimed by gNB to use for other UEs).

	Fujitsu
	In case of ST is set to such a short time, this type of ST operation is still supposed to work but not sure if it is proper operation. Entering ST mode is supposed to be unusual situation, where radio conditions may not be so good. In such a situation, relaying fully on HARQ-NACK may not be so good since it may also be suffered from errors.

	Nokia
	It is extremely challenging and restrictive to enable timely HARQ feedback within 0.5ms.  In particular, it requires very specific TDD configurations and subcarrier spacing to make sure the retransmission grant can be sent within time interval as short as 0.5ms. We think it imposes too much restrictions to gNB implementation and applicable deployment scenarios.

	Lenovo
	As already mentioned during the previous email discussion, we think that this type of solution can meet the performance requirements.


Q1-5. Taking into account your comments above, do you support the UE-based reactive solution based on HARQ-NACK triggering? (Ideally please just answer with a ‘yes’ or a ‘no’, as you will have already made comments on any additional assumptions/constraints.)

	Company
	Answer

	Ericsson
	No.
Detail solutions remain unclear. Also, in general, efficiency/advantage over gNB based solution is not proven.

	Fujitsu
	No.
Our position has not been changed since the email discussion in the last meeting.

	Nokia
	No. However, we may accept some HARQ-NACK triggering based solutions, if simple / low standardization-impact solutions are identified.

	Lenovo
	Yes


2.2   UE-based reactive solution based on Tx-side timer

As per previous discussion, the triggering timer is (re)started e.g. upon receiving ACK for the previous packet and stopped upon receiving ACK for ongoing transmission. Survival Time is triggered when such timer expires and optionally also upon receiving NACK.
Q2-1. Do you believe any additional conditions are needed for this type of ST operation?

	Company
	Answer

	Ericsson
	Yes.

The followings are not at all clear: the timer starting/stopping condition, and the UE actions when timer expires. 

For example, in one version, the timer starts when the packet arrives at the UE side, and it has the same duration as the PDB. When timer expires, then the UE enters the survival time mode. Thus, at least the start of the timer is not related with the packet reception status (like HARQ-ACK) and so it should not restart when the HARQ-ACK is received.

	Fujitsu
	Yes.
The value of the timer length needs to be discussed.

	Nokia
	Yes.

In our understanding, such timer requires fast/reliable  ACK/NACK feedback for every UL packet, so it knows when to start or stop the timer. But this is NOT supported by 5G NR. Therefore, introduction of such timer would bring significant impact to specification across different WGs.

	Lenovo
	Yes. 
We agree with others that some further details need to be clarified regarding the timer starting/stopping condition. 


Q2-2. Do you see any need for restrictions to be imposed on the network (e.g. sending ACK or NACK for each packet, transmitting a PDCCH every 0.5 millisecond, …) for this type of ST operation?

	Company
	Answer

	Ericsson
	Yes. 

1. There is a need to send HARQ-ACK for every packet (e.g., 0.5 millisecond) to stop the expiry of the timer, which triggers the survival time operation and needs more resources. 

2. Even if this is considered as a UE-based reaction solution, the network must pre-allocate resources for UE (e.g., to use for PDCP duplication). Those resources are a waste and cannot be used for other UEs. There were inputs in the last email discussion that this can be solved by gNB implementation to reclaim those resources. But, it was not concluded. Furthermore, as the network vendor, even if those solution may work, it would introduce a lot of and unnecessary restrictions, given there are better alternatives, see Section 2.3.

	Fujitsu
	Yes
As per the mechanism of timer mentioned above, HARQ-ACK and HARQ-NACK for each packet is needed.

	Nokia
	Yes,

First of all, a new ‘ACK’ signal per packet would need to be defined – this brings a lot of specification impacts that is extremely difficult (if not impossible) to conclude in Rel-17. Moreover, such new signal would need to be transmitted fast and very reliable to the UE after each successful packet reception (so we can rule out RLC ARQ directly from this point of view). 

Basically such scheme introduces a lot of control overhead and error- proneness, and may not bring any benefits at all. 

	Lenovo
	ACK/NACK feedback is required for every TB. 


Q2-3. What impact on RAN2 work (e.g. spec impact/workload…) do you foresee for this type of ST operation?

	Company
	Answer

	Ericsson
	Similar to the answer to Q1-3. At least the below points must be discussed. 

3. 
The clear definition of the timer (e.g., the starting point) and how it is supposed to work.

4. 
The details on what these (non-existent) L1 signal HARQ-ACK/HARQ-NACK are. 

5. 
The details to guarantee (if possible) that the pre-configured resources would not be used, when the survival time is not entered. 

6. 
HARQ-ACK is per PUSCH transmission and it is not clear how to link this to the flow/DRB/LCH.

The other important aspect is that the solutions should preferably be applicable beyond the survival time (which is an optional TSCI AI parameter).

	Fujitsu
	There are RAN1 and RAN2 specifications impact.
(1) RAN2 needs to look at TS38.321 on how to specify the timer handling, interaction between PHY and MAC, and ASN.1 on timer configuration.
(2) RAN1 needs to look at HARQ aspect.

	Nokia
	As mentioned, a new ‘ACK’ signal would need to be defined, which would need to be transmitted fast and very reliable to the UE after each successful packet reception. As mentioned also for Q1-3, we think that RAN1 impact should be avoided as much as possible and thus we dislike this approach.

Besides, the following also needs to be discussed:

1. Starting/Stopping conditions of the timer – can anything other than HARQ feedback be considered ?

2. If duplication is already activated in the normal state (i.e. at least two RLC entities are activated for a DRB), how the timer starting/stopping conditions can be defined as two or more HARQ feedback on different carriers or even on different MAC entities (DC-based duplication) may be taken into account.

	Lenovo
	We see some potential impact to RAN1, e.g. defining some HARQ feedback channel.


Q2-4. In your view, how does this type of ST operation meet/fail to meet the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)?

	Company
	Answer 

	Ericsson
	The same as the answer to Q1-4, i.e., this solution fails to properly utilize the survival time, i.e., more radio resources are opportunistically and only allocated to the UE when it is in the survival time mode. It is in our understanding that the solutions require gNB to pre-allocate the resources even if UE is not in the survival time, and no conclusion yet if this can be avoided (e.g., resource reclaimed by gNB to use for other UEs).

Additionally, it introduces a PDCCH overhead every 0.5 millisecond, as described in Q2-2.

	Fujitsu
	In case of ST is set to such a short time, this type of ST operation is still supposed to work but not sure if it is proper operation. Entering ST mode is supposed to be unusual situation, where radio conditions may not be so good. In such a situation, relaying fully on HARQ-ACK to (re)start Tx-side timer may not be so good since it may also be suffered from errors.

	Nokia
	We can’t envision how this scheme would work without introducing new per packet ACK/NACK signal for UL, which has to be fast enough. 

	Lenovo
	In general this type of scheme could also meet the performance requirements. However we see the need of introducing some HARQ feedback signalling, e.g. like DFI. 


Q2-5. Taking into account your comments above, do you support the UE-based reactive solution based on Tx-side timer? (Ideally please just answer with a ‘yes’ or a ‘no’, as you will have already made comments on any additional assumptions/constraints.)

	Company
	Answer

	Ericsson
	No. 

Detail solutions remain unclear. Also, in general, efficiency/advantage over gNB based implementation is not proven.

	Fujitsu
	No.

Our position has not been changed since the email discussion in the last meeting.

	Nokia
	No

	Lenovo
	Our preference would be the “HARQ-NACK” based solution. 


2.3   Other UE-based reactive solutions

Q3-1. Do you support any other UE-based reactive solutions in addition to the two approaches discussed above? Please provide details.

	Company
	Answer

	Ericsson
	UE-based reactive solution based on “CG type 2 DCI (de)-activation command”. This is in principle similar to the solutions in section 2.1 and with more details on how it is supposed to work. 

Upon reception of a L1 CG activation/deactivation command, UE does not only activate/de-activate the indicated configured grant but also activates/de-activates PDCP duplication for a RLC entity. The RLC entity, for which to be activated/de-activated by the CG activation/de-activation command, is configured by RRC, e.g., the logical channel config for the RLC entity contains a CG index. If this CG is activated, then this RLC entity for duplication is activated. 

This solution addresses all Ericsson’s concern for the UE-based reactive solution based on HARQ-NACK triggering: 

1. The DCI command is the existing CG-type 2 (de)-activation command. No need to introduce a new DCI command. 

2. The resources are allocated by CG-type 2 activation and only upon UE entering survival time mode, i.e., there is no need for pre-configuration.

3. The CG activation command can link (via RRC configuration) to the LCH/RLC entity.

4. The solution is general and can be utilized in other cases where there is a need for quick PDCP duplication activation by DCI command.

Note that, this is a spec enhancement beyond the gNB based solution proposed by Ericsson before in R2-2106413 to address various concerns raised in the email discussion R2-2106558.

	Fujitsu
	It is assumed that the UE enters the ST mode in case of data transmission fails on CG. The retransmission is assumed to be performed by DG, for which PDCCH indicating retransmission is issued to the UE.
The PDCCH indicating retransmission could be used for UE-based reactive solution. The most important reaction is PDCP duplication activation to boost the reliability. The PDCP duplication would be activated autonomously without any signaling from gNB including PDCCH command and MAC CE. This is because there could be some radio problems in the ST mode, where the amount of signaling would be reduced.

	Nokia
	If we really have to introduce any UE-based reactive method, in our view it makes more sense to use a mechanism to gauge whether a packet is late or missing on arrival from the upper layer given that the expected arrival time of each packet of deterministic traffics should be known. This allows the 5G RAN to handle situations where a packet is lost or significantly delayed in the upstream. 

This cannot take air-interface failure into account, but we think it is a good complementary scheme on top of whatever scheme we will introduce for air interface failure.

	Lenovo
	We think that the solution addressed by Ericsson is similar to the “HARQ-NACK” based solution. gNB basically triggers fast PDCP duplication activation by signalling a retransmission grant respectively PDCCH CG activation. Therefore we don’t think that there is a difference in terms of CG resource allocation usage. In both schemes the CG resources which UE is supposed to used when PDCP duplication is enabled are preconfigured and explicitly enabled by gNB by means of L1 signalling, e.g. either retransmission grant or CG activation grant. In the solution proposed by Ericssson, some additional L1 signalling would be required, PDCCH based CG activation/deactivation is sent in addition to retransmission grant. 


2.4   UE-based, non-reactive solutions

Q4-1. RAN agreed to focus on UE-based reactive solutions. Do you support any other UE-based solutions? (As a reminder, solutions based solely on gNB implementation are off the table as per RAN2 assumptions.)

	Company
	Answer

	Nokia
	We believe proactive method based on PDCP PDU SN is still more appropriate to handle use cases with stringent requirements. 

It was de-prioritized because companies think it has low spectral efficiency issue. However, we must note it can be implemented in ways where spectral efficiency is not affected, for examples:

· We can send all odd-indexed packets to FR1 and all even-indexed packets to FR2, to avoid consecutive error caused by beam blockage in FR2.

· We can cyclically change the RLC entities set for duplication, e,g. Packet 1 on RLC1 & RLC2, Packet 2 on RLC3 & RLC4, and so on, to average out the probability of consecutive error

All these schemes do not require boosting additional radio resource as compare to normal mode. More importantly, these schemes are also much simpler and less error-prone than e.g. Tx-side timer based solutions discussed above.

	
	

	
	


2.5   Any additional comments

Q5-1. Do you have any additional comments to make on handling of ST in the RAN not covered by questions above, and/or any additional issues to introduce? (Please do take into account the agreements and assumptions already made by RAN2, and the multiple previous discussions which were held on this topic as referenced in the introductory section.)
	Company
	Answer

	Ericsson
	It is necessary to discuss the UE actions upon entering survival time mode, e.g., PDCP duplication or other L2 adaptive transmission mechanisms.

	Fujitsu
	Some aspect of the email discussion of R2-2104897 in the email discussion have not been discussed in the last meeting. Those aspect include:
(1) Link reliability increase mechanisms
a. Duplication activation
b. L1/L2 configuration adaptation
c. gNB scheduling
(2) ST recovery mechanism
a. Survival Time timer
b. Return to normal state

	Nokia
	If PDCP duplication is to be adopted as the way to boost reliability, this is important to make sure that the gNB knows which RLC entity will be activated by the UE when entering the survival time state.

From our point of view, the simplest way is to configure two Duplication States in PDCP via RRC:

· Default duplication state – indicates the RLC entities that should be activated by default (This already exists in Rel-16)

· Survival time duplication state – indicates the RLC entities that should be activated when entering survival time state.

So essentially, the UE switches the duplication state from a default one to a conditional one when survival time is triggered.

	Lenovo
	Agree with Nokia, that RLC entities which are to be activated for duplication when entering ST state could be preconfigured. 


3   Phase-II:…
4   Conclusions

In the present tdoc…
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